Objective: To evaluate the socioeconomic impact of obesity by estimating the direct and indirect costs associated with obesity in Denmark, based on individual level data. Methods: Costs were assessed for different BMI groups, and the relative risks for change in direct and indirect costs per BMI point above 30 were estimated. A fourth analysis estimated the odds ratio for comorbidities per BMI point above 30. Individual data on income, social transfer payments, healthcare costs and diagnoses were retrieved from national registries. Results: One BMI point above 30 was associated with a 2% decrease in income, a 3% increase in social transfer payments, and a 4% increase in healthcare costs. In absolute numbers, income contributed to most of the total economic burden. One BMI point above 30 was also associated with increased comorbidity, which explains the increase in both direct and indirect costs. Conclusion: Obesity is associated with increased comorbidity, giving rise to an increase in both direct and indirect costs. Especially income is affected, which emphasizes the importance of including both measures when evaluating the total socioeconomic burden of obesity. Our findings draw attention to the potential for saving public resources and preventing loss of income by preventing obesity.
Introduction
Obesity is a growing problem in most countries, Denmark being no exception. WHO defines obesity as BMI > 30 kg/m 2 [1] , which applied to 14.1% of all Danish adults in 2013 [2] . Obesity is associated with increased risk of morbidity [3] [4] [5] [6] [7] as well as excess mortality [5] [6] [7] [8] [9] because of the comorbidities associated with obesity, which underlines the cause for concern. However, obesity does not only have adverse implications for health but also for socioeconomics. Previous studies have found that obesity induces higher healthcare costs due to treatment of obesity-related diseases [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . In a prospective cohort study Andreyeva et al. [26] found that BMI 30-35 kg/m 2 , BMI 30-40 kg/m 2 and BMI > 40 kg/m 2 was associated with ∼ 25%, ∼ 50% and ∼ 100% greater healthcare expenditures than normal weight, respectively. Likewise, Finkelstein et al. [27] have found that BMI > 30 kg/m 2 was associated with an average increase of 37.4% in annual healthcare expenditures.
Although the association between obesity and healthcare costs is fairly well covered, the relationship between obesity and other costs due to, for instance, productivity losses is less explored. Previous studies have found obesity to be associated with absenteeism and unemployment [28] [29] [30] [31] [32] [33] . Loss of income is of relevance for the individual but may also have a substantial socioeconomic impact. Because of the increasing prevalence of obesity and its potential impact on society, it is important to provide information on direct healthcare costs and other obesity-related costs of socioeconomic importance as well. DiBonaventura et al. [34] found a decrease in work productivity with increasing BMI. They found that health problems among obese individuals resulted in an overall work impairment of 20%. Moreover, a lower income among people with BMI > 30 kg/m 2 was identified. In addition, in their review Trogdon et al. [32] found that obese workers miss more workdays than non-obese workers because of illness or disability. However, most of these results were based on self-reporting, company reporting, and calculations made from average income and work time measurements. In Denmark, it is possible to retrieve information on, for instance, health, medication, employment status and income level from national registries. This information is linked to a unique identification number (Central Personal Registration (CPR) number) assigned for all persons residing in Denmark by the Danish Civil Registration System. This makes it possible to identify obese subjects and link them individually with information for calculating both direct and indirect costs.
To our knowledge, the opportunity to estimate both direct and indirect costs associated with obesity based on the unique Danish registration system has not previously been seized. The current study aims to contribute to the exploration of the socioeconomic burden of obesity by adding real-world data-based analyses of the impact of obesity on social transfer payments and income among obese adults in Denmark.
Material and Methods
An analysis of costs in different BMI groups and three regression analyses were performed. The first and second regression analyses estimate the relative risk (RR) for change in social transfer payments/income and healthcare costs, respectively, per BMI point above 30. The third regression analysis estimates the odds ratio (OR) for comorbidities per BMI point above 30.
Population and Primary Measure
The population was extracted as a representative sample of a pooled population comprised of respondents from The Danish National Health Profile 2010 and 2013 with BMI > 30 kg/m 2 . If a respondent from 2010 recurred in 2013, the person was excluded from the 2013 sample. BMI was calculated (kg/m 2 ) using self-reported height and weight from the Danish National Health Profile. The Danish National Health Profile is a national study on the Danish population's health including health behavior, well-being, and mortality. The study is based on questionnaire surveys and data from the national registries, and it represents Danish citizens over 16 years of age. About 300,000 questionnaires were sent out in both 2010 and 2013, and the response rate was about 55% [35, 36] 
Outcome Variables
Outcome variables included income, social transfer payments, healthcare costs, and comorbidities. Income comprised annual earnings, profit from own business, private pension, and other types of income not derived from state coffers, but including state education grants, which could not be separated from data. Social transfer payments were retrieved as total costs and categorized into different types of payment in the regression analysis: social security, disability pension, sick pay, early retirement benefit, unemployment fund, housing benefit, and child benefit. Housing benefit is a subsidy to one's rent that can be assigned to tenants or to beneficiaries of invalidity pension, disability pension, or state pension. Child benefit is assigned to citizens chargeable with tax and in custody of one or more children. This benefit is disbursed automatically and requires no application. Healthcare costs were also retrieved as total costs and categorized into seven types of healthcare in the regression analysis: somatic inpatient services, somatic outpatient services, somatic emergency department, primary health sector, psychiatric inpatient services, psychiatric outpatient services, and drug costs. Comorbidities were extracted as primary and secondary diagnoses and categorized into main disease groups according to the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10) chapters 1-21.
Data on inpatient and outpatient services were retrieved from the National Patient Registry, which includes data on all patient contacts, including diagnoses as well as diagnostic and treatment procedures. The database uses international classification systems, for instance, the ICD-10. Data were linked with the Danish Case Mix System (Diagnosis-Related Groups) in order to estimate the associated costs. The costs of healthcare use in the primary sector were obtained from the National Health Insurance Service Register, and data on drug use and costs were extracted from the Danish Medicines Agency. Costs of drugs were calculated by multiplying the retail price of each drug with the prescribed quantity. Information on social transfer payments, income and home help was also derived from national registries from Statistics Denmark.
All costs in the analysis of costs in different BMI groups were adjusted to 2014 price levels and converted to EUR (1 EUR = 0.94 USD).
Covariates
We adjusted for baseline characteristics retrieved from the Civil Registration System and Statistics Denmark: sex (male or female), age (in categories 18-29 years, 30-39 years, 40-49 years, 50-59 years, and >60 years), marital status (married/civil partnership or single), education (primary school, high school, vocational education, short education, medium education, higher education, or unknown), and municipality.
Analytical Model
Because the distributions of healthcare costs, social transfer payments, and income are left skewed and include a large proportion with costs equaling 0, a gamma-distributed two-step model was applied. Costs have thus been estimated using a one-model generalized linear model with link = log and gamma distribution [37] . A Conditional Logit Model was used for estimating OR and significance for comorbidity per added BMI point above 30. Analyses were performed using SAS 9.1.3 (Cary, NC, USA), and the significance level was set to 0.05.
Ethics
The current study was approved by the Danish Data Protection Agency. In Denmark, only studies involving intervention or biological material require ethical approval under the Committee Act. The current study involved register data only, for which reason no ethical approval was necessary. Table 1 shows baseline characteristics of the population in all analyses. The analysis of social transfer payments and income included 32,923 individuals, while the analyses of healthcare costs and comorbidity included 44,904 individuals. The assessment of costs in different BMI groups is based on the same population as the regression analyses of healthcare costs and comorbidities. The mean age in the two populations was 47.2 or 53.3 years, and females were slightly over-represented in both populations (52.0% or 51.0%). The majority of both populations were married or in civil partnerships (75.2% or 72.3%), and vocational education was the most common education level (43.0% or 41.0%).
Results

Population Characteristics
Costs and Income for Different BMI Groups
The mean annual income, social transfer payments, healthcare costs, and home help costs in obesity class I, II, and III are presented in table 2 . The results indicate that among obese individuals increased BMI is associated with increased social transfer payments, home help costs, and health costs as well as with decreased income. Especially income is affected, showing the greatest change in absolute numbers with higher BMI.
Income, Social Transfer Payments, and Healthcare Costs
As seen in table 3 , income was negatively influenced by increased BMI, as one BMI point above 30 was associated with a 2% decrease in income. Furthermore, the total costs of social transfer payments increased with a rate of 3% per BMI point. Especially costs of social security and disability pension increased with a rate of 5% and 6%, respectively. In contrast, costs of early retirement benefit and child benefits were both negatively affected, decreasing with a rate of 3% and 1%, respectively. All estimates were significant and adjusted for age, sex, municipality, and education.
One BMI point above 30 was associated with a 4% increase in average total healthcare costs ranging between 1% and 10%, when looking at the individual costs ( table 3 ). An increase of one BMI point was associated with a 5% increase in drug costs and a 10% increase in psychiatric inpatient visits. The somatic emergency department was affected with a 1% increase. All estimates were significant and adjusted for age, sex, municipality, and education.
Comorbidities
We found that one BMI point above 30 was associated with a general risk increase for morbidity ( table 4 ) . However, only five estimates were significant: One BMI point above 30 was associated with 12% greater odds for code 3: 'diseases of the blood etc.', 6% greater odds for code 4: 'endocrine, nutritional and metabolic diseases', 4% greater odds for codes 9 and 6: 'diseases of the circulatory system' and 'diseases of the nervous system' , respectively, and finally 3% greater odds for code 19: 'injury, poisoning etc'. The two most common significant disease groups were endocrine, nutritional, and metabolic diseases as well as diseases of the circulatory system. All estimates were adjusted for age, sex, municipality, and education.
Discussion
To our knowledge, this is the first register-based study evaluating the socioeconomic impact of obesity by estimating the direct and indirect costs associated with increased BMI among individuals with BMI > 30 kg/m 2 . Thus, we look at the total burden of increased BMI among obese individuals. This was possible because all Danes have a unique identification number, which enables individual linkage between national registries. We identified a 2% decrease in income, a 3% increase in social transfer payments, and a 4% increase in healthcare costs per BMI point above 30 .
Previous studies have mainly focused on healthcare costs associated with obesity and to a lesser extent on indirect costs and costs of social transfer payments. The current study contributes information on precisely these measures. DiBonaventura et al. [34] conducted a study in which they identified an association between increased BMI and decreased work productivity, indicating that public expenses and personal income might also be affected by obesity. Our findings support this consideration and draw attention to the significant impact of obesity on the individuals' personal life with regard to income, in addition to its negative impact on socioeconomics. A 4% increase in healthcare costs corresponds to approximately EUR 136.00 per annum, whereas a 3% increase in social transfer payments and a 2% decrease in income correspond to approximately EUR 262.00 and EUR 442.00 per annum, respectively. In other words, the absolute change in income is more than 3 times the absolute change in healthcare costs. This demonstrates that healthcare costs constitute only a minor part of the total costs associated with obesity, based on the absolute numbers. Our results indicate that it is actually the impact of obesity on the labor market that accounts for most of the socioeconomic burden of obesity. Thus, restricting an analysis of the economic impact of obesity to only healthcare costs will lead to underestimation of the actual socioeconomic burden. Most previous studies have analyzed the relationship between obesity and healthcare costs by comparing different BMI groups, which does not allow a direct comparison of results on healthcare costs. However, our results follow the same pattern as previous findings. The results of the current study that are based on cross-sectional data yet also support findings from longitudinal studies and cohort studies with more follow-ups. Studies have shown increases in both total healthcare expenditures for obese individuals compared to normalweight individuals and increases in subcategories of healthcare costs, e.g. drug costs [10-18, 20-22, 38-43] .
Our results in the comorbidity analysis were also in line with previous studies and support our findings in the cost analyses as well. We found that increased BMI was associated with increased comorbidity. This explains the higher social transfer payments, especially costs of social security and disability pension, which points to work disabilities due to the comorbidities of obesity. We identified significantly greater odds for disease code 3: 'blood diseases etc'., code 4: 'endocrine, nutritional and metabolic diseases', code 9: 'diseases of the circulatory system', code 6: 'diseases of the nervous system', and code 19: 'injury, poisoning etc.' per BMI point above 30. Endocrine, nutritional and metabolic diseases and diseases of the circulatory system were the two most common disease groups among obese individuals. Our finding of a higher prevalence of endocrine, nutritional, and metabolic diseases among obese individuals reflects well-known obesity-related diseases such as type 2 diabetes (T2D) [4] [5] [6] [7] 44] , dyslipidemia [5, 7] , and polycystic ovarian syndrome [7] . The increase in T2D and dyslipidemia might also partly explain our finding of a 5% increase in drug costs. Another contribution to the increased drug costs is the increase in diseases of the circulatory system, such as coronary artery disease and hypertension [4] [5] [6] [7] 44] . Sleep apnea too is an obesityrelated disease [5, 7] , which is included in code 6: 'diseases of the nervous system' and may therefore have contributed to our finding of an increase in this disease group as well. Furthermore, obesity has shown to alter metabolism and interact with age to impair brain function [45] , which too may contribute to the increase in code 6. In addition, reverse causality could be part of the explanation; i.e. multiple sclerosis has found to be associated with obesity [46] and epileptic medication to induce weight increase. An interesting finding is the great increase in psychiatric inpatient services (OR 1.10), which does not immediately support the insignificant and close to zero OR of code 5: 'mental and behavioral disorders'. One explanation for this finding may be more hospitalizations per diagnosis, i.e. a schizophrenic patient may be admitted to a psychiatric hospital several times for his disorder but he is not given a new diagnosis for that reason. However, it is not possible to fully explain this association from data. This is the drawback of data from registries: it cannot explain the sometimes illogical associations it identifies.
In the analysis of social transfer payments, we found that the costs of early retirement benefit and child benefit were both negatively affected as they decreased with a rate of 3% and 1% per BMI point, respectively. The identified decrease in child benefit is attributable to a decreased birth rate among obese women, as obesity has shown also to be associated with complications in pregnancy and reproductive complications and disorders [7, 47] . The decrease in early retirement benefit can be explained by a reduced capacity of work at a younger age than the early retirement age limit. The obese persons are thus assigned other types of social transfer payments, e.g. sick pay and disability pension, as seen in our results.
Our use of the Danish Civil Registration System, which allows for linkage between national registries at the individual level, is a major strength of the study. This data is deemed to be of high quality and is prospectively registered, which makes it less likely to be biased. The estimation of both direct and indirect costs associated with obesity based on this data is what makes the current study unique. The information on height and weight in the Danish National Health Profile is self-reported, which may have resulted in some incorrect measures of BMI. However, if this is the case, these measures have most likely been underestimated, i.e. our findings should be considered conservative estimates. Furthermore, attention should be paid to the fact that the measured indirect costs in this study do not cover all types of indirect costs. For instance, costs due to presenteeism are not included, which too can cause underestimation of the actual estimates. Data on presenteeism is not available but is somewhat included in data on wages, suggesting that underestimation due to lack of data on presenteeism is not of crucial importance. In addition, our results could be suspected of bias because only subjects with BMI 30-50 kg/m 2 were included in the regression analyses. However, an analysis of persons with BMI 25-29 kg/m 2 was conducted but showed no relationship between costs and BMI below BMI 30 for which reason these individuals were excluded as well as the outliers (BMI > 50 kg/m 2 ). One great shortcoming of this study is that we are not able to prove any causality of obesity and the increased costs. We are only able to identify correlations. This can lead to under-or overestimation of the causal effect if the results on healthcare costs are actually due to an underlying cause. For instance, an underestimation of the causal effect would be the case if obese people were also less likely to make use of healthcare. Conversely, an injury inducing higher healthcare costs and triggering weight increase simultaneously would lead to an overestimation of the causal effect.
Conclusion
In conclusion, we have found that the increased comorbidity of obesity gives rise to increased direct and indirect costs. Based on national registries, we found a 2% decrease in income, a 3% increase in social transfer payments and a 4% increase in healthcare costs per BMI point above 30. In absolute numbers, the indirect costs constitute the greatest proportion of the total costs associated with obesity, which emphasizes the need for including both direct and indirect costs when evaluating the total socioeconomic burden of obesity. If the prevalence of obesity continues to rise, these costs will increase as well. Our findings emphasize the need to address further the relevance of preventing obesity and thereby save public resources and prevent loss of income. The current study also draws attention to the possibility of reducing public expenses by weight reduction among obese individuals.
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